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Field of the invention 

This Invention relates to a device andf method of using the device for administration of a 
homogeneous preparation to a patiepjt. More particularly the Invention relates to a tgbe for 
use in controlled and substantially stejady state administration of a dynamic particulate (i.e. 

segregating) dispersion by intravenous Infusion. 

j 

Description of related art 

In the field of ultrasonography it is wejl known that contrast agents comprising dispersions of 
gas microbubbles are particularly efficient backscatterers of ultrasound by virtue of the low 
density and ease of compressibility ofj the microbubbles. Such mlcrobubble dispersions, if 
appropriately stabilized, may permit Highly effective ultrasound visualization of, for example, 
the vascular system and tissue microtasculature, often at advantageously low doses of the 
contrast agent. 

Continuous Infusion of ultrasound contrast agents, for example over a period In the rejnge 
from one minute to one hour, Is of potential interest In that it may permit administration of the 
contrast agent at a rate which minimises diagnostic artifacts such as shadowing and may 
lengthen the useful time window for imaging beyond the relatively short duration of the 
backscatter signal peak resulting from passage of a contrast agent bolus, 

i 

! 

A problem with the continuous infuslo^i of gas^contalnlng ultrasound contrast agents arises 
from the tendency of gas-containing components such as microbubbles to float, since this 
may lead to jnhomogeneities forming jwith in receptacles and other delivery equipment which 
may be used in administering the contrast agent. This may, for example, lead to an increase 
in microbubble concentration In the upper part of such receptacles and/or to changes In 
mjcrobubble size distribution occurring at various points within the receptacles as larger 
microbubbles float more rapidly than Smaller microbubbles. 

There is hence an ongoing need for apparatus that permits the continuous infusion of gas- 
containing ultrasound contrast agents; or other gravity segregating particulate dispersions 
while maintaining substantial homogelpelty of the contrast agent or other dispersion. 

i 

A typical apparatus for administration *>f an ultrasound contrast agent to a patient would 
comprise a delivery receptacle, such £s a syringe coupled to a syringe pump, and a tube 
connecting the delivery receptacle to £ needle for Injection to a patient's vejn. 

Different methods and devices for maintaining a homogeneous fluid preparation during 
administration have been described earlier. WO 00/53242 describes devices, systems and 
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methods for dispensing a multkjomponent medium subjecting the medium to different 
agitation mechanisms. Rotation of a storage volume, such as a cartridge, Is one of the 
described ways of achieving agitatiori of a multi-component medium. 

WO 00/71189 describes contrast ms<i|la resuspension devices and methods wherein a 
volume of a sedimenting agent is divided Into a petworK of sub-volumes by incorporating 
tubes, cells, sponges or grooves in thje volume, |t Is further described that the Internal 
geometry of such network may bp nop-circulatpry, 

However, during infusion of ultrasound contrast agents flotation of microbubbles in the tube 
that connects the Injection system (e,&. infusion pump) to the venous cannula is a problem. 
The bubbles float against, and tend tq stick to, the inner surface of the tube, with subsequent 
loss of efficacy and dosing problemsJNone of the methods ancf apparatus described in the 
state of art provides any working solution to how to avoid such flotation ancj inhomogenities in 
a tube connecting an injection systerh; and an injection needle, such as a venous cannula. 

Summary of the Invention 

In view of the needs of the grt the present invention provides a device and a method of using 
the device for administration of a substantially homogeneous fluid preparation to 3 patient, 
The device of the invention is a tube that prevents particle flotation and sedimentation in the 
lumen of the tube, when using the tube In transferring a segregating particulate dispersion. In 
particular the invention provides a tube for use in continuous infusion of an ultrasound 
contrast agent. 

A tube which has a non-circular internal cross-section and which is twisted along its centerllne 
wi|[ cause a helical laminar flow pattern that effectively will counteract the effect of gravity and 
flotation and avoid particle accumulation to the tube walls. The helical motion path of particles 
around the tube centerline will cause flotation effects to cancel with respect to the particles 
overall distance from the centerline, ajpd will thus prevent particles from approaching the tube 
wall, A first aspect of the Invention Is ^ tube which Is twisted along its centerline and which 
has a non-circular internal cross-secti|pn« 

i 

The use of the tube is preferentially ini continuous infusion of gas-containing ultrasound 
contrast agents, as the tube will minimize flotation of the gas mlcrobubWes, enabling 
administration of a homogeneous preparation. 

t 

Brief description of the drawings \ 

Figure 1a is a perspective view of a tube according to the invention having an oval 
compressed internal cross-section, 
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Figure 1 b Is a cross-sectional drawing of the tube of figure 1 a. 

Figures 2a and 3a are perspective vi^ws of tubes according to the Invention having different 
internal cross-sections comprising 3 rjounded lobes. 

Figures 2b and 3b are cross-sectiona) drawings of the tubes of figures 2a and 3b, 
respectively. 

Figure 4 illustrates how a particle in a! fluid moves along by the helical flow In a tube of the 
invention. 

Figure 5 illustrates a concentric tube arrangement. 

Figure 6 Illustrates an infusion apparatus including a syringe carrying a contrast agent, an 
infusion line, an Infusfon fluid bag, a concentric tube arrangement, a non-circular twisted tube 
and an intravenous cannula. ' 

Detailed deocriptlon of the Invention 

Ultrasound contrast agent bubbles that are dispersed in water will float upwards at a rate In 
the order of a few millimeters per mlnUe. When such bubbles are infused into a patient via a 
plastic tube that connects the infusion pump to the venous cannula this flotation will cause an 
accumulation of bubbles in the upperjfluid layers in horizontal sections of the tube, The 
bubbles might stick to the tube wall afid accumulate inside the tube, with a resulting reduction 
in the dose delivered to the patient. The current Invention consists of introducing a helical 
motion to the bubbles path inside theltube. This is achieved by using a tube having a non- 
circular internal cross-section, and in Addition giving the tube a twisted shape along its length, 
thus forcing the column of fluid inside! the tube to rotate as the fluid is propagated along the 
tube, A bubble that is transported In d: fluid flow system with the above mentioned properties 
will have a spiral trajectory around th? tube centerline. The small velocity component of the 
bubble caused by flotation will continuously change its direction with respect to the distance 
vector between the bubble and the tujbe centerline, The time-averages motion component 
caused by flotation will for this reason' become zero, and no long-term changes [n the 
particles distance from the tube cente ! rline will be expected, 

h 

Thus according to one aspect of the present invention there is provided a tube with a non- 
circular Interna! cross-section and whpreln the tube Is twisted along its centerline. The internal 
cross-section is defined as the cross-section of the lumen extending from the centerline of the 
tube to the inner wall of the tube. Thej centerline of the tube is the axis going through the 
center of the lumen of the tube extending throughout the tube length. 

The tube of the Invention may be used In transporting any dynamic particulate dispersion 
between two points. The dispersion rrjiay comprise particles that tend to float or sediment. 
Preferably, the tube js used in administration of a ultrasound contrast agent comprising a 
dispersion of gas-mlcrobubbies to a pjatient. The administration may be by bolus injection or 
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by continuous infusion, but is preferably used In infusion procedures as the flotation problem 
increases over time. 

A further aspect of the Invention [s hepce a method of administering a dynamic particulate 
dispersion to a subject by continuous j infusion; wherein the dispersion is delivered from an 
apparatus comprising a tube as described. 

The dimensions of the tube and the velocity of the fluid introduced into the tube are Important 
factors In order to counteract the floating or sedimentfng tendency of the particles in the fluid 
and to achieve a helical laminar flow. S 

i 

The twisted tuhe of the invention preferably has an Internal cross-section of 2 - 10 mm 2 . More 
preferably the cross-section is 4-8 mrfi 2 , and most preferably the cross-section is about 6 
mm 2 , corresponding to an average rabius of about 1 .5 mm. As the lumen (canal in the tuhe) is 
not circular the cross-sectional, area ^ the preferred measure. If the internal volume of the 
tube is increased further by Increasing the cross-sectional area, a problem is that an 
Increased volume of the dispersion to ! transfer must also be Increased. 

The shape of the external cross-section of the tube Is of limited relevance and could hence be 
circular or non-circular, A tube with arji external circular cross-section is although preferred as 
this might increase the strength of thej tube. Preferably the external (outside) diameter of the 
tube |s 2 - 6 mm. The outer dimensions of the tube depends on the material chosen for the 
tube and of course the shape of the internal cross-section, 

,i 

Typical flow values through a tube of \he invention are 100 - 1000 ml/hr during use, and more 
preferably 200-500 ml/hr. Typically 5C|0 ml bags of carrier liquid are used in intravenous 
infusions, and this fluid volume may f<|>r Instance be administered during a 30-minutes period, 

Derived from the preferred flows and pross-sectlon sjreas given above the average fluid 
velocity js preferably 0,2 - 1 5 cm/s. Tfie velocity of the fluid at the centerllne of the tube, which 
is alwstys higher than towards the wal s, is subsequently preferably about 0.4 - 40 om/s. The 
flow should be high In order to counteract the flotation tendency. Typically an ultrasound 
contrast microbubble float 1-2 mm/min when dispersed in water. 

i 

The inner cross-section of the tube |s|non-c|rcu|ar Preferably there is a rotational symmetry 
such that the radius as a function of ttjie angle from the centerline should be a pattern that 

repeats itself en integer number for each revolution. By the term non-clrcu|ar Is meant that the 

i, 

distance from the center point of a crpss-section to the tube wall Is varying In at least two 
directions, The degree of deviation from circular form Is preferably at least a 5 % difference in 

i 

distance between the maximum and fjilnimum radius (distance from center to wall)' 
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Preferably the tube has a cross-sectional Interna! geometrical configuration selected from the 
group consisting of oval, elliptical, triangular, wedge shaped, square, or a configuration 
comprising 2-5 rounded lobes, and ccpmbinations thereof, Particularly preferred shapes sire 
compressed configurations of the abqve to minimize outgoing sharp edges and comers, and 
forming of eddies. Most preferred tubjss have Internal cross-sections formed as a compressed 
oval configuration or configurations comprising 3 rounded lobes, resembling trefoils, as 
illustrated In the figures 1-3, Figure 1a more specifically illustrates a tube 1 according to the 
invention having a compressed oval inner crp6S-section. Figure 1b shows that this tube has a 
compressed oval inner cross-section |2 and a circular external cross-section 3. The oval 
configuration is compressed along th$ shortest a*is of the cross section towards the center 
point of the tube. ; 

I 

The cross-section of the tube |s constant throughout the tube. That is, the shapes of the 
internal cross-sections are the same throughout the tube, However, although the cross- 
section Is the same along the centerlipe, the tube is twisted at a constant pitch such that the 
cross-sections are rotated along the (jpnterllne of the tube, Preferably the degree of twisting 
(pitch) is constant throughout the tub£ length, such that the distance along the tubing for each 
revolution of the cross-section is constant. Preferably the pitch is 2 cm - 100 cm, and more 
preferably 5-20 cm and most preferably 7-15 cm. It is important that the pitch of the helical 
twist along the tube is not too steep, as this might breaK up the laminar flow pattern. In figure 
1a the pitch 4 shows the 360° revolution of the internal cross-section of the tubing- Figure 2a 
Illustrates another tube 7 of the Invention having an inner cross-section comprising 3 rounded 
lobes, symmetrically around the cent^rline of the tube. Figure 2b is a cross-sectional view of 
the tube of figure 2a showing the innejr cross-section 8 with the rounded lobes 9, and the 
external circular cross-section 10. Figjure 3a is a third example of a tube 15 of the invention 
haying an inner cross^section comprising 3 lobes. As can be seen from the cross-sectional 
drawing 3b the inner cross^section 16] also here comprises 3 rounded lobes 17, but a steeper 
cleft 18 separate these in this tube than in tube 7. The outer cross-section 19 is circular, 

Figure 4 Illustrates how the posltloiyojf a flotatlng bubble (black dot) located off-center in a 
tube of the invention is moved along tjiy the helical flow pattern of the fluid, shown at Intervals 
along the tube corresponding to 45 a elf rotation of the tube internal cross-section. The 
direction of upward flotation (arrow) h^s an angle that is continuously changing with respect to 
the bubbles' position relative to the cefnterline of the tube. The position of a bubble with 
respect to the centerllne will thus remain unchanged during one complete revolution of the 
column of fluid carrying the bubble. 

The tube of the Invention Is preferably made of a material being soft and flexible, and which at 
the same time has sufficient strength jand limited permeability to gas exchange, Appropriate 
materials are Fluorplastic, Latex, Liquid-Crystal Polymer, Nylon, PEEK, Polycarbonate, 
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Polyimide, Polypropylene, Polyurethdhe, PTFE, PVC, Silicone and Thermoplastic 
Elastomere, Preferred materials are tjbe soft and flexible materials Latex, Nylon, 

Polypropylene, Polyurethane, PVC, Silicone and Thermoplastic Elastomere. 

j 
j 

The twisted tube of the invention ma^be manufactured from a preformed tube by twisting and 

heating the tube in a separate etep, apd hence generate the twisted pattern. The preformed 

f 

non-twisted tube Is preferably manufactured in a conventional extrusion process. It Is however 
more preferred to manufacture a tubej| of the Invention by a process wherein both the twisting 
of the tube and the manufacturing of the non-circular internal cross-section is mad^ In one 
operation. This csn be achieved by an extrusion process, using an extruder comprising a 
"twisted" nozzle, enabling extrusion of the twisted tube in a continuous process. The nozzle of 
the extruder should hence h^ve a configuration complying with the internal crQss-section of 
the tube to manufacture, and should also comply with the shape of a short section of the tube. 
The process of manufacturing the tubje comprises the steps of Introducing the tube material 
into the extruder with the twisted nozzle, and setting the nozzle to rotate at a set speed 
providing the requested degree of twipting to the tube. As the nozzle of the extruder 
resembles a short section of the tubejj It does not have to rotate, i.e. it could be a stationary 

nozzle, but the manufacturing process would then not be continuous. 

■i 
i 
j 

When using the tube in administration of an ultrasound contrast agent further Improvements 
in the system performance can be achieved by introducing the contrast agent bubbles in the 
center of the tube by using a concentric tube arrangement, for instance as the one shown In 
figure 5. AH bubbles will then be carried along the tube without contacting the tube wall, and 
will remain suspended close to the cejhterllne by the helical motion mechanism mentioned 
above, Such device may be connected to the tube of the invention and to an injector system. 
In its simplest solution the device coirijprises two pipes, one within the other, having the same 

!i 

center. The Inner pipe ensures that th!e contrast agent is injected into the center of the tubing, 
while the outer pipe is connected to tljje tube and the Injection system. The concentric tube 
arrangement 25 shown In figure 5 majy be connected to 5 delivery device and has en inner 
pipe 26 with an opening for introducing a "dispersion 27, Further a flushing medium 28 may be 
introduced through the arm 29. As indicated a tube 1 according to the invention may be 
connected to one end of the concentrjjc tube arrangement. 

"i 

;l 

Hence, a preferred embodiment of th^ Invention Is a method of administering a segregating 
dispersion by continuous infusion, wherein the dispersion is delivered from an apparatus 
comprising a tube with a non-circular Internal cross-section and wherein the tube is twisted 
along its centerline, and a concentric |ube arrangement connected to one opening of the tube 
for Introduction of the dispersion into he center of the tube, 
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Co-administration of the dispersion wjth an admixed flushing medium further enhances 
product homogeneity, e.g. by reducing the residence time of the dispersion In the tubing, 
thereby reducing its susceptibility to gravity segregation. Admixture with flushing medium 
also permits particularly efficient control of administration of the dispersion since the flow 
rates of both the dispersion and the flushing medium may be independently controlled. 

Admixture of the dispersion with flushing medium almost Immediately prior to administration 
to a subject Is particularly advantageous in the administration of dispersions such as gas 
microbubble-containing contrast agents, which may show instability if stored in diluted form, 
e,g. If diluted prior to transfer into a springe or other delivery vessel. The use of the tube is 
preferentially by admixture of an ultrasound contrast agent with an inactive carrier liquid such 
as saline, Ringer's solution or isotoni^ glucose. Mixing of the dispersion and flushing medium 
may, for example, be effected in a three-way connector, e.g. a T-piece ( a Y-piece or a tap 
such as a three way stopcock, or by ^slng a device as illustrated in figure 5. 

The length of the tube from the point ty/here the carrier liquid and the contrast agent are 
combined to the venous cannula should despite the improvements offered by this invention 
be kept as short as possible in order to minimize transit time, Preferably the tube should be 
no longer than 300 cm, more preferably not more than 200 cm, and most preferably not more 
than 100 cm. The orientation of the tube (horizontal, vertical) Is not critical, but sharp bends 
and Kinks should be avoided, since this might disturb the laminar flow pattern. 

The tube and method of the invention!! may be particularly useful In administration of the 
ultrasound contrast agents known as Qptison®, Sonazoid®, Levovist®, Albunex®, Definity® 
and Imagent®. j 

The tube of the Invention may be usetj In apparatus used for administration of a dispersion, 
replacing conventional tubes having 3 circular cross-section. Preferably, the tube is combined 
with known apparatus used In admlni?tratjpri of contrast agents, such as gas-containing 
ultrasound contrast agents, to a patient. A further aspect of the Invention Is hence an 
apparatus for use in administration oflja gravity segregating dispersion to a subject, said 
apparatus comprising a tube with a ncjin-circular internal cross-section and which Is twisted 
along its length. Preferably, the apparatus further comprises; 

I) a delivery d^v|ce adapted! to receive and deliver a dispersion, 

II) an intravenous cannula, ! 

i 

The delivery device may for Instance be an Injection system comprising an Infusion pump 
adapted to expel the dispersion at a given rate, and a delivery receptacle, The delivery 
receptacle may be a syringe or cartridge or a flexible bag container. Such apparatus may 
further include a concentric tube arrangement to ensure introduction of the dispersion from 
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the delivery device to the center of the tube of the invention. Even further, the apparatus may 
include mixing means adapted to admixture the dispersion with a flushing medium. Figure 6 
shows an apparatus for administration of a contrast agent by continuous infusion. The 
apparatus includes a syringe 36 carrying a contrast agent. The syringe is preferably placed in 
an Infusion pump for controlled expel |of the contrast agent, The syringe nozzle/needle Is 
connected to a concentric tube arrangement 37 as also shown in figure 5. Admixture of the 
contrast agent with a flushing mediunji is enabled by connecting an infusion flgld bag 38 to an 
Infusion line 39 for transport of the flushing medium to the concentric tupe arrangement 37 
where the mixing is effected. The concentric tube arrangement 37 ensures that the contrast 
agent is introduced into the center of bne opening of the non-circular twisted tube 40, The 
second end of the tube 40 is connected to an intravenous cannula 41 for injection of the 

diluted contrast agent to a patient. ,| 

ii 

An infusion apparatus as described a^ove, Including a tube of the invention, may a|so 
comprise additional means for maintaining a segregating dispersion homogeneous during 
Infusion. Such means may comprise devices for subjecting the dispersion to different agitation 
mechanisms, 

i 

Use of the tube described, and apparatus comprising such tube, In administration of a 
dispersion, such as an ultrasound contrast agent, by continuous infusion is yet another aspect 
of the Invention, The tube may further!' be used as an intravenous catheter. 

! 

ii 

While the preferred embodiment of thfe present invention has been shown and described, It 

will be obvious In the art that change^ and modifications may bo made wlthoMt departing from 

i. 

the teachings of the invention, The matter set forth in the foregoing description and 
accompanying drawings Is offered by [way of illustration only and not as a limitation, The 
actual scope of the invention is intended to be defined in the following claims when viewed In 
their proper perspective based on the!, prior art. 
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Claims: 

1 . A tube with a non-circular internal cross-section, wherein the tube Is twisted along the 
centerline of the tube. 

2. A tube as claimed In claim 1 having an internal cross-section of 2-10 mm 2 . 

3. A tube as claimed in claim 1 or 2 further having an external circular cross-section, 

4. A tube as claimed In any of claims 1 to 3 having an oval cross-section, 

5. A tube as claimed in any of claim? 1 to 3 having a cross-section comprising 2-5 rounded 
lobes, 

' 6. A tube as claimed in any of dalm£ 1 to 5 twisted at a constant pitch. 

7. A tube as claimed In any of claims 1 to 6 made of a material selected from Fluorp|ast|c, 
Latex, Liquid-Crystal Polymer, Nylon, PEEK, Polycarbonate, Polyimfde, Polypropylene, 
Polyurethane, PTFE, PVC, Silicone and Thermoplastic Elastomere. 

8. A method of manufacturing a tub6 as clalmec} jn claims 1 to 7 by continuous extrusion by 
the following steps: 

i) introducing the tube material Into a extruder comprising a nozzle having a 
configuration complying with the internal cross-section and a short section of the 
tube to be manufacturing, 

ii) setting the nozzle to rotate at a set speed . 

9. A method of administering a segregating dispersion to a subject using a tube as claimed 
in any of claims 1 to 7. 

10. A method as claimed in claim 9-Whereln the dispersion Is an ultrasound contrast agent 
comprising gas microbubbles and wherein the administration is by continuous Infusion. 

1 1. A method as claimed in claims 9 or 10 wherein the dispersion is admixed with 3 flushing 
medium prior to administration tofche subject, 

12. Apparatus comprising a tube as cjlaimed in any of claims 1-7- 
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13. Apparatus as claimed In claim 12! for use in administration of a gravity segregating 
dispersion to a subject, said apparatus further comprising: 

i) a delivery device adapted to recslve and deliver a dispersion, 

ii) an intravenous cannula 

14. Use of a tube as claimed in any of claims 1-7 in administration of an ultrasound contrast 

agent by continuous infgs[on, 
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Abstract i 

The invention relates to a device and [method of using the device for administration of a 
homogeneous preparation to a patienjt, More particularly the invention relates to a tube for 
use in controlled and substantially steady state administration of a dynamic particulate 
dispersion by infusion, The tube of thi Invention has a non-circular cross-section and is 
twisted along its centerline. 
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